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ÈÊÉ ���fËdÌ Í����fÎ�Ë É

Ï.ÐÆÑ�ÒÊÓ©ÔeÕÊÖVÔ�Ò{×bØ\ÙbÚ�×bØ#ÚbÛ�Ü�ÐÆÑÂÝjÞ�ß,ÞàÏ.á#âã×bÕÊä�å(ß,Þçæj×�Ó©è0ÔµÕ�é Ôeê�ê�Ô�Ú�Õ"ÖBÚ�ÕÊÖBÑVÒÊÜ�ê�ÔµêPÜJÚÄäÆÑBë
ÜJÑYÖBÜP×bÕ{ä�ÖAÐÊ×�Ó©×bÖBÜJÑVÓ©Ô�ìVÑ�ÑBí,ÜJÓ©×bêJÚ�Øe×�ÓjÜJÑVÓ©Ó�ÑYêJÜJÓ©Ôµ×bØ$Ò{Øµ×bÕÆÑVÜ�êYî´Ï.á/â$ëIïPð�Ï.á/â\ë¿ñ0×bÕÊäÄæj×�Ó©è0ÔµÕ�×�Ó©Ñ
ÑBíNÒ;ÑYÖBÜJÑYäÄÜJÚ�ê©òÆÓ�óbÑVô�ÕÆÑY×�Ó�õNô�êJÜ�×�ÓAê´×bÕÊäÄäÊÔ�Ó©ÑYÖBÜ�Ø�ô�äÆÑVÜJÑYÖBÜjÒ{Øµ×bÕÆÑVÜ�×�Ó�ô�ê�ôNêJÜJÑYéÂê´Ü�Ð{×�ÜjÔµÕ{ÖVØµòÊäÆÑ
ÜJÑVÓ�Ó�ÑYêJÜJÓ©Ôe×bØ¡ëEê�Ô�ìVÑYä2Ò{Øe×bÕÆÑVÜ�ê.ÔµÕ2Ü�ÐÆÑYÔµÓ.ÐÊ×�õ{Ô�Ü�×�õ{ØµÑjìVÚ�ÕÊÑYêVî

ö Ñ÷Ò{Ó�ÑYêJÑYÕsÜ¬ÐÆÑVÓ�Ñ Ü�ÐÊÑÂøÊÓ©ê�Ü¬ê�Ôµé�òÊØµ×�Ü�Ô�Ú�Õ{êPÚbÛ(ä{ÔµêJùsëE×YóbÑVÓ©×�ÙbÑYä7êJÒ;ÑYÖBÜJÓ©×�×bÕ{äúØµÔ�Ù�ÐsÜ¬ÖVòÆÓ©óbÑYê
ÚbÛjû�×�Ó©ê�ü ý.ÑVÛIî^þ ÿ��¥×ÄÙbÚsÚ,ä7ÑBíÆ×bé�Ò{Ø�Ñ�ÚbÛ´×"ØµÔ�ùbÑYØµôú×�õ{Ô�ÚbÜ�ÔµÖ÷Ò{Øµ×bÕÊÑVÜ��¬×bÕ{ä å/×�Ó�Ü�Ð��kÜ�ÐÆÑ Ú�ÕÊØ�ô
ÑBí,×bé�Ò Ø�Ñ�ÚbÛ�ØµÔµÛ>Ñ�ê�òÆÒÊÒ;ÚbÓ�Ü�ÔµÕÊÙÂÒ{Øµ×bÕÊÑVÜjù,ÕÆÚ è0Õfð
êJÚ Û¥×�ÓYî�î�î��Aî�Ï.ÐÊÔµêjè�ÚbÓ�ù�ÐÆÑYØµÒ�ÑYäÄòÊêPÜJÚ�òÊÕ{äÆÑVÓJë
êJÜ�×bÕÊä7ÐÆÚgèàÜJÚ"Ó�ÑVÜJÓ©ÔµÑVóbÑ�ÔµÕÊÛ>ÚbÓ©éÂ×�Ü�Ô�Ú�ÕúÛkÓ�Ú�é äÊÔµêJùsëj×góbÑVÓ©×�ÙbÑYä êJÒ;ÑYÖBÜJÓ©×,ð/×bÕÊä^ÐÊÚgèàÜJÚ"Ò�Ú�ê©ê�Ô¡ë
õ{Ø�ô"äÆÑVÜJÑYÖBÜ&õ Ô�Ú�ê�Ô�Ù�ÕÊ×�Ü�òÊÓ�ÑYêPÛ>Ó©Ú�é Ó�ÑYé�ÚbÜJÑ�êJÑYÕÊê�ÔeÕÆÙ Úbõ{êJÑVÓ�ó�×�Ü�Ô�Ú�ÕÊêYî�Ï.ÐÊÑÂÖBÚbÓ�ÑÂÚbÛ�Ü�ÐÊÑÂé�Ú,äÆÑYØ
Ôµê¬×�êJÒ;ÑYÖBÜJÓ©òÊé�ë¿Ó�ÑYê�Ú�Ø�óNÔeÕÆÙ��¥ØµÔµÕÆÑBë¿õNôsëEØµÔµÕÆÑ��j×�Ü�é�Ú�ê�Ò{ÐÆÑVÓ©ÔµÖ	�Tê©òÆÓ�Û¥×bÖBÑÂÓ©×bäÊÔe×�Ü�Ô�óbÑÂÜJÓ©×bÕ{êJÛ>ÑVÓ�é�Ú,äÆÑYØ
�¿ßÆû�Þjý¼Ï
��äÊÑVóbÑYØ�ÚbÒ;ÑYä�õNô�æj×góNÔeä ï�Ó©ÔeêJÒwü ý.ÑVÛIî��Nð�
 ÿ¿î�û�×�Ó�Ü�Ôe×bÕúê�òÆÓ©Ûk×bÖBÑÂ×bØµõ�ÑYäÊÚ�ê¬×bÕÊä^×�Ü¢ë
é�Ú�êJÒ{ÐÆÑVÓAÔµÖ�ÒÊÓ�ÚbÒ;ÑVÓ�Ü�ÔµÑYê.ÛkÓ�Ú�é��jÑYÕÆÑVÓ©×bØ·ï(Ô�Ó©ÖVò{Øµ×�Ü�Ô�Ú�Õ�û�Ú,äÆÑYØµêjÐÊ×YóbÑ�õ;ÑVÑYÕ�òÊê�ÑYä�×bêPÔµÕÆÒ òÆÜ.ÛkÚbÓ
û�×�Ó©êYî Þ´ñIýPß��¥Þ(Ü�é�Ú�êJÒ ÐÆÑVÓ©ÔµÖ�ñIÕÊÛ>Ó©×�Ó©ÑYä�ßNÚ�òÊÕ{äÆÑVÓ���äÊ×�Ü�×^è�ÑVÓ�ÑÄò{êJÑYäw×bê2ÔµÕÆÒ òÆÜ�Û>ÚbÓ2å#×�Ó©Ü�Ð
ü ý.ÑVÛIî��gÿ��køÊÙÆî��	�Aî

Ï.ÐÆÑYêJÑ´ÑBíNÒ;ÑVÓ©Ôeé�ÑYÕ�Ü�×bØ äÊ×�Ü�×�ÐÊ×YóbÑjõ;ÑVÑYÕÂÒÊÓ©ÚNÖBÑYê�ê�ÑYä÷×bÕÊä÷é ×�ÒÊÒ;ÑYä Ú�Õ÷Ü�ÐÆÑjêJÒ{ÐÆÑVÓ�ÑjòÊê�ÔµÕÊÙd×
Ò{Ô¡í,ÑYØµÔ�ìY×�Ü�Ô�Ú�Õ�ê�ÖAÐÆÑYé�Ñ#ÖBÓ©ÑY×�ÜJÑYädÛkÚbÓ\á#Øe×bÕÊÖ�ùP×bÕÊä ö û�ÞjáÄé Ôµê�ê�ÔµÚ�ÕÊê����0ÑY×bØ�Ò Ô¡í��¼ü ý0ÑVÛxî���ÿ��køÊÙÆî����Aî
âÆÚbÓ·ÑY×bÖ©Ð�ÚbÛÊÜ�ÐÊÑ�Ò Ô¡íNÑYØeê�ßÆû�Þ´ý¼Ï è(×bê\ÓAòÊÕ¬ÜJÚPÙbÑYÕÆÑVÓA×�ÜJÑ(×PäÊ×�Ü�×�õ ×bêJÑ(ÚbÛ{êJô,Õ�Ü�ÐÆÑVÜ�ÔeÖ/êJÒ;ÑYÖBÜJÓ©×´ÛkÚbÓ
× ó�×�Ó©Ô�ÑVÜEô2ÚbÛ·ó,Ô�ÑVè0ÔµÕÊÙ�×bÕÊÙ�Ø�ÑYêVð ÔeØµØµòÊé ÔeÕÊ×�Ü�Ô�Ú�ÕÊêVðNê�òÆÓ�Û¥×bÖBÑdÜxôsÒ;Ñ&×bÕ{ä�ÖVØ�Ú�òÊä�ÖBÚgóbÑVÓ©×�ÙbÑbî0â¼ÔµÕ{×bØµØ�ôbð
×^é�Ú,äÆÑYØ´è�×bê2ÖBÓ�ÑY×�ÜJÑYäãÔµÕ|è0ÐÊÔeÖ©Ð Ü�ÐÊÑÄòÊê�ÑVÓ�êJÒ;ÑYÖVÔ�ø{ÑYêÂêJÒ{×�Ü�Ôe×bØ0Ó�ÑYê�Ú�ØµòÆÜ�Ô�Ú�Õ|×bÕÊäwÚbõ êJÑVÓ�ó,ÔµÕÆÙ

�



GCM interpolation of
observational data

AIRS data + Healpix
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Ò�Ú�ê©Ô�Ü�Ô�Ú�Õfð�×bÕÊä7Ü�ÐÆÑ�ÒÊÓ©ÚbÙbÓ©×bé êJÑYØµÑYÖBÜ�ê Ü�ÐÆÑ�×�ÒÊÒ{Ó�ÚbÒÊÓ©Ôµ×�ÜJÑ�ê�ôNÕsÜ�ÐÆÑVÜ�ÔµÖ�ê�Ò�ÑYÖBÜJÓA×"ÙbÑYÕÆÑVÓ©×�ÜJÑYä|õsô
ßÆû�Þjý¼Ïã×bÕÊä÷ÖBÓ©ÑY×�ÜJÑYê(Ü�ÐÆÑ0ø{Õ{×bØ{ó,Ô�ÑVèdðsè0ÐÊÔµÖAÐ÷ÖV×bÕ÷Ü�ÐÆÑYÕ�õ;Ñ´×YóbÑVÓA×�ÙbÑYä2Ú�Õ÷Ü�ÐÊÑjäÊÔeêJù�ü ý.ÑVÛIî#þ ÿ¿î

Ï.ÐÆÑYêJÑ¬Ó�ÑYê�òÊØ�Ü�ê0ÐÊ×YóbÑ&õ�ÑVÑYÕ�ÒÊÓ�Ú,ÖBÑYê�êJÑYä è´Ô�Ü�Ð�×bÕ�ÔeÕÊêJÜJÓ©òÊé ÑYÕ�Ü.ê�Ôeé&òÊØe×�ÜJÚbÓ.ÜJÚÂÔµé�Ò{Ó�ÚgóbÑdÚ�òÊÓ
òÊÕÊäÆÑVÓ©ê�Ü�×bÕÊäÊÔµÕÆÙ&ÚbÛ\Ü�ÐÊÑPäÊÑVÜJÑYÖBÜ�×�õ{Ø�Ñ¬ÖAÐÊ×�Ó©×bÖBÜJÑVÓ©Ôµê�Ü�ÔµÖVê.×bê�ó,Ô�ÑVè�ÑYä2õsô�Ü�ÐÆÑPøÊÓ©êJÜ(ÙbÑYÕÆÑVÓA×�Ü�Ô�Ú�Õ ÑBíNë
ÜJÓ©×bêJÚ�Øµ×�Ó.ÜJÑVÓ©Ó�ÑYêJÜJÓ©Ôµ×bØ;Ò Øµ×bÕÆÑVÜ�äÆÑVÜJÑYÖBÜ�Ô�Ú�Õ�×bÕ{ä�Ö©ÐÊ×�ÓA×bÖBÜJÑVÓ©Ô�ìY×�Ü�Ô�Ú�Õ�é Ôµê�ê�ÔµÚ�ÕÊê �kõNô Ï�îon·ÑYØµòÊê�×bé&ô��
øÊÙÆî�� �Nð � 
Nð � �Æð ��p�ü ý.ÑVÛIîCpNðBq ÿ¿î

Ï.ÐÆÑ�å#×�Ó�Ü�Ð,ëEé ÚNäÆÑYØ�ÐÊ×bê�õ;ÑVÑYÕúó�×bØµÔµä{×�ÜJÑYä^×�Ù�×bÔµÕ{êJÜ�ä{ÔµêJùsëE×YóbÑVÓ©×�ÙbÑYä Úbõ{êJÑVÓ©óT×�Ü�Ô�Ú�Õ{ê&ÚbÛ0Ü�ÐÆÑ
å#×�Ó�Ü�Ð õNô�Ü�ÐÆÑ û�×�Ó©ê ��Ø�Úbõ{×bØ�ß,òÆÓ�óbÑVôbÚbÓ�Ï.ÐÆÑVÓAé ×bØ/å/é Ôµê�ê©Ô�Ú�Õ ßNÒ;ÑYÖBÜJÓ�Ú�é ÑVÜJÑVÓ �«û �dß Ï.å(ß��
øÊÙÆî ��r ü ý0ÑVÛxî��Rÿ0×bÕÊä'å/×�Ó�Ü�Ð,ëEê�Ð{ÔµÕÆÑ2êJÒ;ÑYÖBÜJÓ©×'ü ý.ÑVÛIî � � ÿ´×bÕ{ä7Ü�ÐÆÑ�û�×�Ó©êJëEé�ÚNäÊÑYØ�ÐÊ×bê�õ;ÑVÑYÕ
óT×bØµÔeäÊ×�ÜJÑYäÂ×�Ù�×bÔµÕ{êJÜ/êJÒ;ÑYÖBÜJÓ©×&Ó�ÑYÖBÚbÓ©äÊÑYä õNôÂû�×�Ó©ÔeÕÆÑVÓ�s¬ñIÕsÜJÑVÓ�ÛkÑVÓ�Ú�é�ÑVÜJÑVÓ0ßNÒ;ÑYÖBÜJÓ�Ú�é�ÑVÜJÑVÓ �kñ¢ý.ñ�ß��
øÊÙÆî � �Äü ý.ÑVÛIî � ��ð²þ ÿ¿î2Ï.ÐÆÑÂé ÚNäÆÑYØ²ÙbÑYÕÆÑVÓ©×�ÜJÑYê�× ó�×�Ó©Ô�ÑVÜEô ÚbÛ(ÒÊÓ©ÚNäÊò{ÖBÜ�êdÔµÕÊÖVØµò{äÊÔµÕÆÙ÷Ù�Ø�Úbõ{×bØµØ�ô
×YóbÑVÓ©×�ÙbÑYä2êJô,Õ�Ü�ÐÊÑVÜ�ÔµÖ.êJÒ;ÑYÖBÜJÓ©×,ðNØµÔ�Ù�ÐsÜ¢ëEÖVòÆÓ�óbÑYê²×bÕÊä Ü�ÐÆÑ0êJÒ;ÑYÖBÜJÓ©×bØÆó�×�Ó©Ôµ×�õ ÔµØµÔ�Üxô¬×�Ü#ó,Ôµê�Ô�õ Ø�Ñ�×bÕ{ä�ñIý
è�×góbÑYØ�ÑYÕÆÙbÜ�ÐÊêP×bêj×ÂÛ¥òÊÕÊÖBÜ�Ô�Ú�Õ�ÚbÛ·óNÔµÑVè0ÔµÕÆÙ ×bÕÆÙ�ØµÑbî0Ï.ÐÆÑYêJÑ&ÜJÚsÚ�Øeê´ÐÊ×góbÑ&õ;ÑVÑYÕ�òÊêJÑYä�ÛkÚbÓPê�Ôµé�òÊØµ×Të
Ü�Ô�Ú�ÕÊê·ÚbÛf×bÕÂÔeÕÊÖBÓ�ÑY×bê�ÔµÕÊÙ�Ø�ô¬ÛkÓ�ÚbìVÑYÕ÷û�×�Ó©ê �køÊÙÆî � �AðN×bÕ ÔeÕÊÖBÓ�ÑY×bê�ÔµÕÊÙ�Ø�ô&ÖVØ�Ú�ò{äÆô � ÛkÚbÓ�ÑYêJÜJÑYä � ÚNÖBÑY×bÕÊÔeÖ
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to resolve the disk
Resolution needed

â�ÔµÙ�òÆÓ�Ñ
� � \E�����
HJ�
	
�*���RZ����f�*�I�"�
�h�

��i8�S �%0����9#$���f�j-)#��7�N2,�
�*#��'�<
��iVa�<�*�,b1�*�+�NZ��*
��*���
#J���,-*���< �9�*	
�*���
�
	<�<
7#G�RZ��)0!�
��
7#$� W �G�C�<	
�*�E#��7�Q0!�I� �*61�
	
�*�i#��7�P���9���
#G�
��6,�*#G�TL _a#G���
�+�9�*�+�i#��7�P��()�+�9#$���j-i�$��� �! C��
��<#$�%�

76M���"�<�7�<�
�<
����+����-9�.���c�
�"[*���.�<�P�

a#��7���%0��+�9#$�A�I�^��
R-9�
�* P�
#$�%�

 �+�

7#J�*
�#JLC=>�<�f[+�
#��Y f�R�.�9�>b1�i���
	
���������������*�*�I� ��#$�%�


�j-��7lC0;�����9� �M-��
�E#����P�
#$ f�
�%0����*�+�f�

��5DI6	��

��0;�����9� �B-��<�E#��7�C�+�!��-��.��� W�� �+�
� 0;����0;�����9� ���R�
#$�%�

 �A-i#����C�G0!�7�*�+�*6
����-RL��I_
L

å#×�Ó�Ü�Ð �køÊÙÆîCqNðKp��AðÊ×bÕÊä2×bÕÊ×bØµôsìVÑYä2ÜJÚ�äÆÑVÜJÑVÓ©éÂÔµÕÆÑjÜ�ÐÆÑ�äÆÑVÜJÑYÖBÜ�×�õ{ÔµØµÔµÜEôÂÚbÛ$õ{Ô�Ú�ê�Ô�Ù�Õ{×�Ü�òÆÓ�ÑYê/Ú�Õ ×bÕ
å#×�Ó�Ü�Ð,ëEØeÔ�ùbÑ�Ò{Øµ×bÕÆÑVÜ �kÑbî ÙÆî/Ó�ÑYä,ë¿ÑYäÆÙbÑ&ê�Ô�Ù�ÕÊ×bØ«ð,øÊÙÆî�s��Aî

� � Î������s�����#�f�����²Ì � � É �"!#�·�;Î�� ��$%�²���;�f� Ë�&(' �����"! � É Ì ) ���f�+*
È-, � É Ì.�&Î©��ÎA~0/1�

æjÔeêJù�ëE×góbÑVÓ©×�ÙbÑYä êJÚ�Øµ×�Ój×bÕÊä�ñ¢ý êJÒ;ÑYÖBÜJÓ©× ÚbÛ·å/×�Ó�Ü�Ð�×bÕ{ä�û�×�Ó©ê0è�ÑVÓ�Ñ&ÙbÑYÕÆÑVÓ©×�ÜJÑYäÄÛ>Ó©Ú�é êJÑVóbÑVÓ©×bØ
óT×bÕsÜ�×�ÙbÑ�Ò�Ú�ÔeÕ�Ü�ê �¥ÔµÑ¬ÚgóbÑVÓPÜ�ÐÆÑ&Ò;Ú�Ø�ÑbðÊÚgóbÑVÓ�Ü�ÐÊÑ¬Ñ32NòÊ×�ÜJÚbÓYð�ÑVÜ�Ö�î���ÜJÚ÷×bê�ê�ÑYê�ê0Ü�ÐÊÑ¬Ñ54;ÑYÖBÜ�ê´ÚbÛ²ÔeØµØµò,ë
é ÔµÕÊ×�Ü�Ô�Ú�Õ �kÜ�ÐÊÑdê�òÊÕ2Ò;Ú�ê�Ô�Ü�Ô�Ú�Õ2Ôµê(ùbÑVÒ{Ü.øÆí,ÑYäfð,Ü�ÐÆÑdÚbõ{êJÑVÓ©óbÑVÓ.Ò;Ú�ê�Ô�Ü�Ô�Ú�Õ÷ëE×bÕÊä�ÖBÚbÓ©Ó�ÑYêJÒ;Ú�ÕÊäÊÔµÕÊÙ�Ø�ô
Ü�ÐÆÑ¬ÔµØµØeòÊé ÔµÕÊ×�Ü�ÔµÚ�Õ,ë\Ö©Ð{×bÕÆÙbÑYê���×bÕ{ä ê�òÆÓ�Û¥×bÖBÑ¬×bØ�õ;ÑYäÆÚ�ê(Ú�Õ Ü�ÐÊÑ¬êJÒ;ÑYÖBÜJÓ©×bØ
ÔµÕÊÛ>ÚbÓ©éÂ×�Ü�Ô�Ú�Õ2ÖBÚ�Õ�ÜJÑYÕsÜVî
âÆÚbÓPõ�ÚbÜ�Ð�å#×�Ó�Ü�ÐÄ×bÕÊäÄû�×�Ó©ê´Ü�ÐÆÑ�óNÔeê�Ô�õ{Ø�Ñ�êJÒ;ÑYÖBÜJÓ©×÷ê�ÐÆÚ è Øµ×�Ó©ÙbÑ¬ó�×�Ó©Ôµ×�Ü�Ô�Ú�ÕÊê´ÔµÕ�ÔeÕ�ÜJÑYÕÊê©Ô�ÜEô ×bêj×
ÛkòÊÕ{ÖBÜ�Ô�Ú�Õ�ÚbÛ#Ò{Øµ×bÕÆÑVÜ�×�Ó�ô Ò ÐÊ×bêJÑbîdß,Ôµé ÔµØe×�Ó©Ø�ôbð{Øµ×�Ó©ÙbÑ&ó�×�Ó©Ôµ×�Ü�Ô�Ú�Õ{ê´ÔµÕ�ÚgóbÑVÓA×bØµØ¼ÔµÕ�ÜJÑYÕ{ê�Ô�ÜEô�×�Ó©Ñ�ê�ÑVÑYÕ
Û>ÚbÓ.Ü�ÐÊÑ&û�ñ¢ý êJÒ;ÑYÖBÜJÓ©×�Û>ÚbÓPû�×�ÓAêVð{äÆÓ©ÔµóbÑYÕ2õsô2Ü�ÐÆÑdäÊÔ64�ÑVÓ�ÑYÕ{ÖBÑdÔµÕ�äÊ×gô�ëEÕÊÔµÙ�Ð�Ü0ê©òÆÓ�Û¥×bÖBÑ�ÜJÑYé�Ò;ÑVÓJë
×�Ü�òÆÓ�ÑYêPÚ�Õ�û�×�Ó©êVð
×bÕÊäÄÜ�ÐÆÑ�Ó�ÑYê�ò{Ø�Ü�ÔµÕÆÙ�äÊÔµêJùsëE×YóbÑVÓ©×�ÙbÑYä"ÜJÑYé Ò�ÑVÓA×�Ü�òÆÓ�Ñ�êJÑVÑYÕ"õNô�Ü�ÐÆÑ�Úbõ{êJÑVÓ�óbÑVÓgî
Ï.ÐÊÔµê�ó�×�Ó©Ôµ×�õ{ÔµØeÔ�ÜEôúÔeÕ7û�×�Ó�Ü�Ôµ×bÕwê�òÆÓ�Û¥×bÖBÑ ÜJÑYé�Ò;ÑVÓ©×�Ü�òÆÓ�Ñ Ôµê�Ó©ÑYØµ×�Ü�Ô�óbÑYØ�ô ÐÊÔ�Ù�Ð7ÛkÚbÓÂ×"ÜJÑVÓ�Ó�ÑYêJÜJÓAÔµ×bØ
Ò{Øµ×bÕÆÑVÜ÷è0Ô�Ü�Ðw×bÕ�×�Ü�é�Ú�êJÒ ÐÆÑVÓ�Ñbð.×bê û�×�ÓAê÷Øµ×bÖ©ùNê2×bÕ|ÚNÖBÑY×bÕ
ð0×bÕÊä�Ô�Ü�êÂ×�Ü�é�Ú�ê�Ò{ÐÆÑVÓ�Ñ"Ôµê Ü�Ð{ÔµÕfð
êJÚ�Ô�ÜPÐÊ×bê�×2óbÑVÓ�ô"ØµÔµé Ô�ÜJÑYäÄÐÆÑY×�ÜdÖV×�Ò{×bÖVÔµÜEôÄÜJÚ õ{ò74;ÑVÓPÔµÜ�ê�ÖVØµÔµé ×�ÜJÑ�×bÕÊä"ÑVóbÑYÕ Ú�òÊÜPä{×Yô��TÕÊÔ�Ù�ÐsÜ
óT×�Ó©Ôe×�Ü�Ô�Ú�ÕÊêVî






G. Tinetti, V. Meadows, D. Crisp, W. Fong, E. Fishbein

_____ North Pole

_____ South Pole

_____ Equator, longitude 180

_____ Equator, longitude 0

G. Tinetti, V. Meadows, D. Crisp, W. Fong, E. Fishbein

_____ North Pole

_____ South Pole

_____ Equator, longitude 180

_____ Equator, longitude 0

â�ÔµÙ�òÆÓ�Ñ 
 � 2Q�
��#�� �9�
�"�
� W � Z�L �
#Q#��7�'[+�
#$#G�< �_ �

;�'8�S �
�����
HJ�
	
�*���RZ����a�%0����9#$���.L �������
	
�c��
���� ������� ��

#������E�+�� ��!�"�
#$�%�<
a&��
� ()�*�+�*
�#@�+����-��I�*�i#$/*0��*�93P4,���+�<
76^89�*�*6 : ��
��<���
6^=>�
�+�*�+#$6)?@���
�+�+6�?@�A�
��
���L : �7�*�����
�+�i
��
���"�<�7�<��L����i�!�
	
�f���9��� O 8�S)U �.�
#G� �
�i��
I07�!#`-��<��U!V O S : W UI0����9#$�A�I�KVa��0.0;��
�Z O #$ f�
�%0��7�*���%��S,�I�
�%�
#$��	
�
: ���

���-��*�hVa�R���9� 6M[9/C\�LB]^�*���%0�_
L5� �)���
	
���!�9���5�f���*�*�I� ��#$�%�

Y�A- �7lE0;�����9� �o-��
�)#��7�C�
#$ P�
�%0��7�*�����

��fDI6 ��
1�
07�����9� �B-��
��#��7��������-��.���RLPU7��
'0!�
�+��#$�$�

 3��"�
#$��#$�7�.��� � �.L6
 
���6@�"�

�Z
��#$�������IL�&���� W �+�
�*���*�%0!�

��
��
�Z #G�
	.�!� /�� �<#��
�3�5� �.6 �E0FLi fL�� : _
L�
F�G�*bK��
�ZE0!�
�+��#$�%�

�3C[��"�.� �5�9�!��	
�*6��E�
��#����Q�
� ���@� � ZT��#N[�� �;�C�9�!��	
�*6@U;�
��#����Q�
� ���KZ
�+�+�*

�9����	
�*6^2 �9���
#G�
�*HJ�"�<
�Z
��#$����� � � 6K�+���5�9�!��	
�*6,���9���
#G�
�*HG�"�

�Z
��#$�������
l�� � L

�



θ

θ

θ

θ

θ

= 90;    T = 219.4 K;   albedo = 0.23;   Illumination 63%

= 45;    T = 200.9 K;   albedo = 0.23;   Illumination 40%

=−90;   T = 177.6 K;   albedo = 0.33;   Illumination 37%

= 0;      T = 181 K;      albedo = 0.27;   Illumination 15%

=−45;  T = 169.8 K;    albedo = 0.31;   Illumination 13%

θ

θ

θ

θ

θ

= 90;    T = 219.4 K;   albedo = 0.23;   Illumination 63%

= 45;    T = 200.9 K;   albedo = 0.23;   Illumination 40%

=−90;   T = 177.6 K;   albedo = 0.33;   Illumination 37%

= 0;      T = 181 K;      albedo = 0.27;   Illumination 15%

=−45;  T = 169.8 K;    albedo = 0.31;   Illumination 13%

â�ÔµÙ�òÆÓ�Ñ � � 
7�<�*�%�I[9�$� ��#$/c�A-i�
�����
HJ�
	
�*�A�RZ����'��/<
7#����*#$�%�C�%0����9#$���Pk%S,��-RL)lAmRL,U�/

�#��7�*#$�%�C�%0����9#$����-9�
�E�+�7[�H%	R�G�*b1�*�
0!�<��
7#$�ibK��#��a�
� (h�*���*
7#Q�"�
#$��#$�����*� W �"�

�Z
��#$�����*6 ����� � _I3�� ��� � 6�� �
	�� � 6
� ����� � 6
� ����	�� � 6
� ������� �
-9�
��� �.�
/ �+�
�*���*�%0!�

��
��
�Z #G����� ������	�� � L : �7���
�����
Hj�<	
�*���RZ�����������-��.����#J�* h0��*�A�
#$���+�*6C�9�
�"�
� �
�"[*���.� �

��
����� �� ���
;�
#$�%�

 �<�+����
;�
�%�+�
#J���5�
��b1�9��� L
: ���B0!�I�"�
�)�+�*0;�h���
#J�*
��! �"� � #G�C#��7�)U��<�!#��f��
�#����)
��
��#��7�*��
'�7�* ����%0����*�+�*6K�

;�# 	�� � #G��#��7� �i�<�*#��c��
�#��7�
�*�
��#��7�*��
 �7�* ����G0!�7�*�+�RL : �7���+��
f0!�
�+��#$�%�

Y���*����	
���,-*���< #��7� 	 �%$ � �
�����R�

7�Q2o0��7�* f�*�*���hU7/<�+#J�* ���+�
��L�&
D �
�"�<#$��#$�����*6@�<
�� �.&�&�L'&�& �c�"�

�Z
��#$�����RL

p



� ' �����"!�� ���%�#����� Ë�&��&Í�� &g�����à� � $ �#� � É Ì � /©Ë´Í�Ì��

â�ÔµÙ�òÆÓ�Ñ'p � UI0����9#$���c�A-h	<�<�*�%�<�!�Q�+����-��I�*��#$/�0��*��L O �  P�
�+#K
��P�
� (h�*���*
7#$�%�
#$�$�

���
 #��7�Q8�SEL�8�
�#��7�h	R���+�%[�� �E�


#����i�+�

�#$���
��/Pb1�,���
	
�10;�A�

��<�!
;���+�c�
� (h�*���*
����*�h��
5#��7�h�%0����9#$����L,8�
�#��7�E[��<
����.L�
<H��IL l��K b1���+�

 ���+�+�+Z

����T�
	
�*��/���� ���
�9� /f#����i�+���IHj���RZ�� W � ���A-*/E0��"�

�#$���+�
	,���9#N�+��
;� � ZT��#1�+#$���

�ZI� /c��
�#������i[+�

;�
6 � Z�L &9_
L

q



Cirrus

Strato−cumulus

No Cloud

Alto−stratus

Cirrus

Alto−stratus

Strato−cumulus

No Cloud

â�ÔµÙ�òÆÓ�Ñ q � U
0��+�9#$�A���A-��
� ()�*�+�*
7#)���"�
���c#$/*0��*�9L : �7���+�

�#$�*�$[9�!#$�$�

��A-C���"�
���
�i���i�
�A�
 f�<#$�%�TLa���h���
	
�C#G�
��
���� �����i#����* ��
Y�<�����*��#G�P�!�
	
���5�����I� ���+#$�%�� P�R���9� W �9�+� � Z�L �5��_ILQ2@	
�*
YbK��#������"�
���
�+61#����� f�
�+#@�� h0!�
��#G�

7#
-��+�<#$�!���*���
�+�i��#$�����>�.�*#J�+�9#G�I[�� �C��
�#��7��8�SEL 8�
 #��7�E	R���+�%[�� �E��#1���) f�
���C�
� � �9�!� # W � Z�L &*_IL

�



� Ë�/���� �s�·� $�� Ë É ) ���f� �|Ì0�¼���#�����.~0/1���

â�ÔµÙ�òÆÓ�Ñ � � \E�����
HJ�
	
�*�A�RZ������%0��+�9#$�A� �A-�#��7�E�9�<�!#����*�*
50!�I�"�
�*Hj�+�*0 �
�+��� W ���T0.0!�<���������
#J�*
;�
��
�Zh-��
� � � W 	R�%�I� �*#
�9����	
�j_R6�� � � W �.�
���
HJ[�� �;�a�9�!��	
�j_R6�� � � W � � ZT��#%Hj[�� �7� �9�!��	
�j_R6 	�� � W �.�
#$#J���X�9���*	
�j_R6 � � � W Z
�����*
 �9����	
�j_T6 ��� �
W /.�9���"�
b �9����	
�j_R6�� � � W �+���'�9����	
�j_R6
	 � � W Z
�+�*/��9���*	
�j_R6 ��� � W [��"�I� ���9���*	
�j_�=>�<����
��9�+���
�+��
�Z'���
#J�*
����$�

��A-�#��7�
0!�
�"�
�9HJ�+�*0��<�+���c#����5]N4����%���M-��+�<#$�!���*���
�+�i f�
�����

;�c P�
�+�����*#J���9#G�.[�� �RL : �7� � Z
���+�*���

�#��7�E#G�*0;6M�A���
b #��7�
� 
`HG
��+�<�+8�S 0!�
��#Q�A-E#��7���%0����9#$�*�� f3i���I�
�%�
#$�%�<
a��
�#J�*
7�+��#$/5���QZ
��	
�*
Y��
 �Cg7 � g����Jg � ��
 #��7� � Z�L��<
Y#����C� ��-*#$6
�<
��5�
��	R�%�����5[9/f#��7�i#G�<#G�I�>�*�I�"�
� 	1� ���<#1#��7�E#G�*0��A-�#��7���
#$ f�<�G0!�7�*�+�C��
�#������

 ���

�#��7����� ZT��#JL
41
 #��7��[+�
#$#G�< �����A���
bK
X�

 #��7�5� ��-*#,#��7�C8�S 0!�
�*#��A-�#��7�P�%0��+�9#$���� cL : �7� �9�7�<
7#$��#$�G�*�h0��"�
#$#J��� ��
 #��7� � Z�L
�<
 #��7����� ZT��#��<�+��
�������������
 ������ �����

6�bo�7�*�+���! #"%$'�
����#��7� �
�����
HJ�
	
�*����Z��+� �A�.�
�%�
#$�$�

e��
�#J�*
7�+��#$�G�*���+�
���+�*�%0!�

;�
��
�Z #G�
�<� (h�*���*
7#5���
#J�*
��+�%�

7�Y�j- #��7�f0!�I�"�
�*Hj�+�*0 �
�+����L =`�
��#������ � Z
���+�Yb1� �!�
	
�a�����<���*
&"(' � � � � 6�"%� � � � ��6
"*) � � � ���

;�+"*, � � � �

þ



� � Î ��!j� �²Í��"���²� � É Ì Ì0�¼���#�����.~�Î /AÎ¢�7� Ë�&ú~�Î�Ë´��Î � É ���fÍ�� �²�

Ï.Ôµé�Ñ�äÆÑVÒ;ÑYÕÊäÆÑYÕsÜ¼óT×�ÓAÔµ×�Ü�Ô�Ú�ÕÊê·ÔµÕ�Ü�ÐÊÑ.äÊÔµêJùsëE×YóbÑVÓ©×�ÙbÑYä÷êJÒ;ÑYÖBÜJÓ©×,ð�ÚbÓ��bØeÔ�Ù�Ð�Ü²ÖVòÊÓ�óbÑ���ÖV×bÕ ÒÊÓ©Úgó,ÔµäÆÑ
×bäÊäÊÔ�Ü�Ô�Ú�Õ{×bØ�ÔeÕÆÛ>ÚbÓAé ×�Ü�Ô�Ú�Õ ×�õ;Ú�òÆÜ.êJÒ{×�Ü�Ôe×bØfóT×�ÓAÔµ×�Ü�Ô�Ú�ÕÊêVî

â�ÔµÙ�òÆÓ�Ñdþ � $^� ZT��#%HJ�9�!��	
�*�B-��I���"�<bM��
�ZC#��7���
�����*
;�I� ���
#G�
#$�$�

a�A-h#��7�,0;�"�

 �*#7-��
��#����i��
�#J�*�*	<�I� ��l.H �<D �K -��<�
#�����8�SEL
: ���"�9�7�<
7#$��#$/@0;�"�
#$#J���E��� 
 � �� � � ���
������� ���

6�bo�7�*��� �! #"%$B���K#��7�N�
�����
HJ�
	
�*����Z��+�E���I�
�%�
#$�%�<
76 "('Q�

���"%���
�+�1#��7�,���
#$�+�* f�*�
�j-N#����Q�����<���*
5��
�#J�*�*	<�I� L : �7�o0����
�9�*�,�+�

����$���*�+�����<�+�,#G�<#G�I��� /E�$��� �� C��
��
#J��� W [��"�.� �
HG� ��
 �j_R6`#G�
#G�I��� /��.�<� � W Z
���+�*
;H
� ��
 �j_P�<
��5�
�%�����
#G�< ��G�*� W �+���IHG� ��
��j_IL

s



Red−edge area

Red−edge detection

Fig. c

Fig. b

Fig. a
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_________   Disk−averaged synthetic spectrum, no cloud

_________   Disk−averaged measured spectrum

_________   Disk−averaged synthetic spectrum: 60% of clouds

_ _ _ _ _ _   Disk−averaged synthetic spectrum, 100% Strato−cumulus

_ . _ . _ . _ . Disk−averaged synthetic spectrum, 100% Alto−Stratus

G. Tinetti, V. Meadows, D. Crisp, W. Fong, E. Fishbein

P. Christensen, al.

. . . . . . . . .     Disk−averaged synthetic spectrum, 100% Cirrus
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